Experimental Section
All chemicals were of reagent grade and used as received. All experiments were carried out in air. Elemental analyses for CHN and for metals (atomic absorption spectroscopy) were performed by the Microanalytical Service of the Instituto Superior Técnico.
Synthesis of [Cu 8 O(tbDea) 6 (H 2 O) 2 ](BF 4 ) 2 •3CH 3 OH (1•3CH 3 OH)
Copper tetrafluoroborate hydrate (0.59 g; 2.5 mmol, calculated for anhydrous basis) and N-tertbutyldiethanolamine (0.81 g, 5 mmol) in CH 3 OH (20 mL) were heated to 50-60° and stirred magnetically (2 h). A blue powder of 1 starts to precipitate after 30 min. After 2 h the resulting mixture was filtered. Dark blue crystals of 1 suitable for X-ray analysis grew after a few days. They were filtered off, washed with CH 3 OH and finally dried in vacuo at room temperature. Yield: 0.26 g, 47% (per copper). C 51 H 118 B 2 Cu 8 F 8 N 6 O 18 (M = 1785.52). Calcd.: C, 34.31; H, 6.66; N, 4.71. Found: C, 34.3; H, 6.8; N, 4 .7% (data for crystalline sample).
Details of the single-crystal X-ray diffraction analysis and refinement for 1•3CH 3 OH
The X-ray diffraction data for 1 were collected using a Bruker AXS KAPPA APEX II diffractometer with graphite-monochromated Mo-Kα radiation. Data were collected using omega scans of 0.5° per frame, and a full sphere of data was obtained. Cell parameters were retrieved using Bruker SMART software and refined using Bruker SAINT on all the observed reflections. Absorption corrections were applied using SADABS. S1 The structure was solved by direct methods and refined against F 2 using the program SHELXL-97. S2 Methanol molecule is disordered over two positions, each with 0.5 occupation. The positions of the H(103) and H(203) hydrogen atoms of the coordinated water molecule were calculated on the basis of geometry and force-field considerations using CALC-OH program S3 within WinGX package S4 and refined using a riding model. All the other hydrogen atoms were placed at calculated positions and refined the same model with Uiso = nUeq (n = 1.5 for H atoms of methyl group and water H atoms, and n = 1.2 for other H atoms). The OH hydrogen atom from the uncoordinated methanol molecule (O5, C9) was not localized.
Magnetic measurements
Magnetic susceptibility data of a powdered sample of 1•3CH 3 OH were measured with a SQUID magnetometer (Quantum Design MPMSXL-5) over the temperature range 1.8−300 K at a magnetic induction of 0.5 T. Corrections for the sample holders were applied. Diamagnetic corrections for the molecules were determined from Pascal's constants.
S5
High Field EPR Spectroscopy.
High-frequency EPR spectra were recorded with a home-built spectrometer at the EMR facility of NHMFL. S6 The instrument is a transmission-type device in which waves are propagated in cylindrical light-pipes. The microwaves were generated by a phase-locked oscillator (Virginia Diodes) operating at a frequency of 13±1 GHz and generating its harmonics, of which the 4th, 8th, 12th, 16th, 24th and 32nd were available. A superconducting magnet (Oxford Instruments) capable of reaching a field of 17 T was employed.
Thermogravimetric measurements
A Perkin-Elmer STA-6000 model thermogravimetric analyzer was used for determination of the thermal stability of complex 1•3CH 3 OH. Samples weighing 5-30 mg were heated from 30 to 1000 °C at a heating rate of 1-50 °C min -1 at open air.
Electrospray-ionization mass spectrometry
ESI-MS(+) spectra were run on a 500-MS LC Ion Trap instrument (Varian Inc, Alto Palo, CA, USA) equipped with an electrospray (ESI) ion source, using ca. 10 -3 M solutions of 1•3CH 3 OH in water or methanol. The theoretical patterns of the isotopic distributions were calculated using IsoPro 3.1 software (available at http://sites.google.com/site/isoproms/). 
99.32(14) a Symmetry transformation used to generate equivalent atoms: a 1/3+y, 2/3-x+y, 2/3-z; b 1/3+x-y, -1/3+x, 2/3-z; c 1-y, x-y, z. Figure S1 . Plots of the coordination environments of independent copper atoms in the crystal structure of the dication of 1. Thermal ellipsoids are shown at 50% level. Symmetry transformation used to generate equivalent atoms: a 1/3+y, 2/3-x+y, 2/3-z; b 1/3+x-y, -1/3+x, 2/3-z; c 1-y, x-y, z. The differential thermal analysis curve of compound 1•3CH 3 OH reveals few decomposition steps over the 40-700 °C temperature range (Fig. S4 ). The first one involves the elimination of the solvated methanol (stage 1; 40-180 °C; calculated and observed mass residues are 94.8 and 95.4%, respectively). A sharp variation of the weight at the 185-190 °C range (stage 2) can be associated with the decomposition and elimination of uncoordinated BF 4 -anions (calculated mass residue is 85.0%). A broad weight loss in the 190-600 °C region reveals the decomposition of the organic ligand, resulting in an oxide material, CuO (stage 3; calculated and observed mass residues are 35.7 and 35.3%, respectively). In general, the thermal behaviour of 1•3CH 3 OH exhibits an oxidative character being typical for other copper complexes with resembling ligands. The spin Hamiltonian (1) from the main text,
describes the isotropic exchange interactions. Anisotropic interactions of a form
exist within each pair of ions (i,j). A reasonable estimate of the D ij magnitude is 1 cm -1 (0.66 cm -1 in copper acetate, some 2 cm -1 in hydroxo and alkoxo bridged copper dimers). If one assumes that each of the interactions in the equatorial plane of the octanuclear molecule carries a D of 1 cm -1 and diagonalizes the resulting 256x256 matrix, then it is found that D corresponding to the "giant spin" Hamiltonian (formula 2 in the main text)
will be just 0.2 cm -1 in the lowest S=2 state and 0.3 cm -1 in the lowest S=3 state. Some resonances observed at near zero magnetic field at very high frequencies in figs 4 and 5 indicate zero field splitting as large as 13.5 cm -1 and they must correspond to transitions between different coupled S states.
DFT Calculations (Broken Symmetry) of the Exchange Integrals. "Broken symmetry" Density Functional Theory calculations were performed by using the ORCA software. S8 In this method, a self-consistent field (SCF) calculation is first performed for the maximum spin state of the dinuclear species. Next, a "broken symmetry" state is set up with all unpaired electrons being spin-up on one metal and spin-down on the other, and another SCF calculation is ran. The energies of the high-spin and broken symmetry states are finally used to estimate the exchange integral value, J (for Hamiltonian Ĥ = J Ŝ 1 Ŝ 2 ) based on the equation J = 2(E HS -E BS )/(<S 2 > HS -<S 2 > BS ), where E HS and E BS are the energies of the high-spin (HS) and the broken-symmetry (BS) states and <S> 2 are the expectation values of the spin-squared operator in the HS and BS states. To calculate the exchange interaction between a pair of copper atoms in our octanuclear system, all other copper atoms were replaced by zinc. Ahlrichstype basis set TZVPP for copper(II) and SVP for other atoms were used, combined with the B3LYP functional.
S9
Ahlrichs polarisation functions from basis H -Kr R and auxiliary bases from the TurboMole library were also used. S10 The X-Ray atom coordinates were used in calculations.
The following exchange integrals were obtained: J 12 = J A = -90 cm .85484 |143> ** ****END OF INPUT**** ========================================================================= ***************************************************** * SUCCESS * * SCF CONVERGED AFTER 38 CYCLES * ***************************************************** -0.311537 a.u. -8.477 eV alpha= -11.008 beta= -5.947 Broken-symmetry state ***************************************************** * SUCCESS * * SCF CONVERGED AFTER 17 CYCLES * ***************************************************** ******************************** * MULLIKEN POPULATION ANALYSIS * ******************************** Now the overlap between the corresponding orbitals will be plotted Since there are an equal number of alpha and beta orbitals each orbital in the alpha set is matched by an orbital in the beta set. If all overlaps are close to one you have a normal UHF solution with some spin polarization If you have a broken symmetry solution there will be overlaps that are significantly smaller than one. These orbitals are the non-orthogonal magnetic orbitals of the broken symmetry UHF solution.
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